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Abstract 
Development of environmental friendly hydraulic fluid has a major influence on ecologically benign environment. 
This future type of oil should be non-toxic, biodegradable and ecological benign. Subsequently, it becomes crucial 
to recognize the sustainability of such oil in maintaining a high system performance which resulting in tremendous 
contribution towards machinery technology. Furthermore, the development of methods to evaluate the actual 
performance of hydraulic fluid has been of great interest. In this project a hydraulic test rig was built to conduct 
endurance test where it can be operated continuously with several safety features. The rig was used to test the oil 
and other stringent parameters, running for nearly 1000 hours. Major factors in the decrease of mechanical 
efficiency are thermal heat, friction, aging behaviour and contamination of the plant oil. Explained in this paper are 
the features of the hydraulic system built to evaluate the performance of plant oils. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and peer-review under responsibility of The Malaysian Tribology Society (MYTRIBOS),  
Department of Mechanical Engineering, Universiti Malaya, 50603 Kuala Lumpur, Malaysia. 
Keywords: Hydraulic field test rig; hydraulic fluid; plant oil. 
1. Introduction 
Petroleum oil has been traditionally used in wide applications. It is used for combustion purposes to fuel all types 
of transportation. Petroleum oil is non-renewable. However, there are efforts to produce diesel oil from used engine 
oil [1]. There exists worldwide effort to use non-petroleum oil to fuel automobiles. Numerous researchers 
concentrate on the use of plant oil which commonly known as biodiesel. The main plant oils under study are soy oil, 
rapeseed oil, palm oil and corn oil. Less known plants are also researched such the use of jatropha oil as an 
alternative fuel in diesel engine [2].  
Plant oil is not only used as biodiesel, but also researched to be an alternative for bio-lubricant and bio-hydraulic 
fluid [3-5]. The hydraulic fluid is always considered as the major component in a hydraulic system. The fluid can be 
described as the system blood, an element that connected the whole parts together. With conscious and good 
manipulation of the fluids, lots of problem occurred in the system can be avoided and operation can be close to 
ideal.  
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As there are growing concerns in some regions over the use of mineral-based hydraulic fluid in mobile hydraulic 
systems, the plant-based hydraulic fluid can serve as the alternative solution to the environmental problems caused 
by the mineral-based oils. Plant-based oils besides being environmental friendly, several reasons also make their 
contribution in the growing of importance for plant oil, which are:  
 
x Plentiful supply and relatively low cost. 
x Some plant oils offer excellent lubricating properties [6], e.g. mild antiwear / extreme-pressure 
performance. 
x Inherently high viscosity index. 
x No adverse effects on unit performance characteristics [7]. 
 
However, it is well known that plant oils have poor low-temperature fluidity and rapid oxidation at elevated 
temperatures [8-10]. In addition, plant oils are limited to their naturally inherent viscosity (kinematic viscosity at 40 
ºC of 30-45 cSt depending on oil type) [6]. Besides that, plant oils also show low static friction coefficients not 
depending on the kinds of wet friction materials. Since hydraulic motors of a hydraulic excavator contain wet 
parking brakes, the most commercially available plant oils cannot provide enough brake torque capacity to park 
safely. Some others disadvantages of the plant-based hydraulic fluid are: 
 
x Rarely capable of providing adequate long-term performance. 
x Low oxidation resistance (can be enhanced by addition of synthetic ester). 
x Those with capable of meeting required temperature and oxidation performance is at a very 
premium price. 
x Susceptible to oxidation. 
x Large friction reductions. 
x Not compatible with mineral oils and filter plugging. 
 
Judging on the disadvantages of the plant-based hydraulic fluid and the standard requirements that need to be 
fulfilled, it is vital to determine the performance of the oil in a real hydraulic system.  The effects from the oil 
degradation towards the hydraulic system efficiencies are ought to be investigated. Some of the factors, such as 
temperature and friction, which contribute to the degradation process, should be studied by varying the pump speed 
and loading charge of the operation. Data obtained from the tests can be used to determine the effects of speed, 
pressure and temperature towards the system’s volumetric, mechanical and overall efficiencies.  In addition, studies 
on the oil viscosity and its acid value sholuld provide supporting data to the results obtained.  
 
The authors have tested the physical and chemical performance of various plant oils. The authors managed to 
improve the thermal and oxidation properties of the plant oils [8]. The authors also have evaluated the lubrication 
and rheological properties of the oil [8,10]. This is to complement tribological investigataion done in Europe and 
USA [9,11,12]. These tribological results are very important in order to use plant oils as other industrial fluid [13].  
 
There are many off-the shelf test rigs to test biodiesel running on engine. They are several bench tests to test 
hydraulic fluid, such as to test corrosivity, viscosity, emulsibility, pour point, flash point, etc. However, they are 
only few types of test rigs for testing complete performance of hydraulic fluid. Not many test rig can measure the 
performance of hydraulic fluid for long term, and monitor the volumetric and mechanical efficiencies of the system. 
Thus in-house hydraulic test rig was built which has several useful features and safety factors. 
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2. Materials and methods 
Based on the ASTM test method D 2882 philosophy, an in-house hydraulic test was designed and fabricated. The 
hydraulic system is operated and monitored from a personal computer (PC). The hydraulic test rig comprised of an 
actuator, pumping system, hydraulic reservoir, cooling system, various types of controlling valves and oil 
conditioning components. The characteristic of hydraulic actuator is tabulated in Table 1.  
    Table 1. Characteristic of hydraulic motor. 
Type BM3-80
BM3S-80 
BM3W-80
Displacement (ml/s) 80.5
Max. pressure Drop (MPa) 
cont. 17.5
int. 20
peak 22.5
Max. Torque (N.m) 
cont. 194
int. 218
peak 271
Speed Range (cont.) (r/min) 10-810
Max. Flow (cont.) (l/min) 65
Max. Output Power (cont.) (Kw) 14
Weight (Kg) 9.8
The system was operated at high pressure and temperature. The test rig has digital real-time monitoring hydraulic 
system which compromises of a data acquisition system and a personal computer. The computer was installed with 
LabView software for human system interface, signal processing and analysis. 
3. Results and discussions 
Fig. 1 shows the hydraulic test rig built in Universiti Malaysia Terengganu. It consists of hydraulic reservoir, 
positive displacement pump, hydraulic motor, pressure control valve, three phase electric motor and cooling system. 
The instrumentations installed in the system are various temperature sensors, pressure sensors, load sensors and a 
flow meter. 
 
 
 
Fig. 1. Hydraulic test rig. 
 
Fig. 2 shows the housing for hydraulic motor. BM3 orbital hydraulic motor with disk valve was employed. The 
hydraulic motor is one type of high torque low speed hydraulic motor, with high efficiency and long life. This type 
of rotary actuator is used in ship winch applications. It was also chosen since this investigation wants to study the 
effect non-Newtonian effect of the oil at low speed or at motor’s starting speed.  
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Fig.2.  Housing of hydraulic motor. 
 
The occurrence of sluggish can be noticed when we want to start the hydraulic motor. After passing minimum 
speed, the motor runs smoothly. Similar observation was made when the motor about to stopped. Just before 
stopping, the sluggish motion was observed.  Fig. 3 shows the plant oil in the hydraulic reservoir. Initially the color 
is reddish. It has clean and clear color. The bubble shown in the picture indicates the foaming characteristics of the 
oil. The picture also shows the suction filter, thermocouple (to measure inlet oil temperature), and copper coil heat 
exchanger.  
 
 
Fig. 3. Plant oil in hydraulic reservoir. 
 
Fig. 4 shows the downstream section of the hydraulic actuator. In this section rotating blades was installed in the 
oil stream. The rotating speed of the blade has been calibrated to obtain oil flow rate.  
 
 
Fig. 4. Oil flows through downstream section of hydraulic actuator. 
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This picture was taken at 100 hour operation. The color of the oil remains unchanged from the original color. 
The rheological properties of the oil do not exhibit major differences from 0 hour. Perspex section in Fig. 5 shows 
the plant oil condition at the test operation hour almost reaching 1000 hours. From this view is seems white in color. 
However, when the oil reaches hydraulic reservoir, and settles down for several hours, the color is quite dark. The 
white appearance (as in the picture) is due to agitating or centrifuging effect of the rotating blades. Thus we expect 
this characteristic also occur in our hydraulic pump and rotating actuator. This agitated effect may result in lowering 
the mechanical and volumetric efficiencies.  
 
 
Fig. 5. Perspex section of oil at 1000 hours. 
 
4. Conclusion  
The design of the hydraulic system to evaluate the performance of plant based oil is presented. The system was 
built with concept in mind that it has several safety features and can test several conditions of actual hydraulic oil 
performance. This makes the system simple, easy to operate and be monitored. Then endurance test was conducted 
by running plant oils in the test rig. At the moment the selected formulated oils are being tested in commercial 
hydraulic system.  
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